Neurosurg Focus 39 (6):E9, 2015 S ince Smith, Robinson, and Cloward first described the procedure in 1958, 4, 15 anterior cervical discectomy and fusion (ACDF) has become one of the most commonly performed spinal operations. ACDF is considered the gold standard for many degenerative cervical spine diseases due to its relative simplicity, minimal risk, and reliability. 5 The total number of cervical spine procedures performed annually more than doubled from 1990 to 2000, from 53,810 to 112,400.
vical fusion in the elderly rising 206% from 1992 to 2005 among Medicare beneficiaries. 18 The current growth in health care cost is unsustainable; the cost of health care has been estimated at nearly 18% of the US gross domestic product (GDP), and the cost of surgical care alone at 7% of the GDP. 18 In this era of escalating health care cost and universal pressure of improving efficiency of care, focus has shifted to cost containment by reducing the number of hospital days, perioperative morbidity, and postsurgical hospital readmission. A growing cost-saving strategy is via outpatient surgeries and ambulatory surgery centers (ASCs), which tend to have facility fees that are 70% of those in the inpatient hospital setting. Technological advances and improvement in anesthesia and surgical techniques now allow numerous surgical procedures to be performed on an outpatient basis. Annual cost savings of up to $140 million have been reported in the literature with the utilization of ASCs for spine surgery. 13 Outpatient surgeries are not only a cost-effective option but also offer the theoretical benefit of reduction in nosocomial risks and medical errors associated with the inpatient hospital setting, as well as lead to more rapid recovery and higher patient satisfaction after surgery.
While there is growing evidence to support the safety and effectiveness of ASCs for lumbar decompression and discectomy, evidence on the safety and value of outpatient ACDF remains scarce. [1] [2] [3] 11, 14, 19 Surgical costs to the health care provider, the third-party payer, and the health care purchaser are less in the ASC setting, but these cost savings will only be realized across the care episode if the ASC setting provides equivalent (or superior) surgical quality. Therefore, the demonstration of equivalent surgical safety and quality is necessary to determine the relative value (quality/cost) of outpatient versus inpatient ACDF. We analyzed a nationwide, prospective quality improvement registry (National Surgical Quality Improvement Program [NSQIP]) to determine if there is a difference in surgical safety and quality for ACDF performed in the outpatient ASC versus inpatient hospital setting.
methods patient population
Patients undergoing ACDF from 2005 to 2011 were identified from the NSQIP database based on the primary Current Procedural Terminology (CPT) codes. NSQIP is a nationwide, prospective outcomes database to measure and improve quality of surgical care. Representative samples of patients are enrolled in the database from over 300 participating hospitals throughout all regions of the United States based on rolling cycles. Data integrity of the database is ensured via rigorous training, site audits, routine conference calls, and annual meeting of the participants. A total of 135 variables are collected in NSQIP database including preoperative risk factors, intraoperative surgical variables, and 30-day morbidity, mortality, and reoperation. Patients were divided into 2 cohorts (outpatient vs inpatient), and all perioperative outcomes and 30-day morbidity were compared between the 2 groups. Major morbidity includes surgical site infection, deep vein thrombosis/pulmonary embolism, myocardial infarction, stroke, new neurological deficit, reintubation, postoperative hematoma, return to the operating room (OR), and systemic organ failure.
statistical Analysis
All statistical analyses were performed using Stata (v.12.0, StataCorp). Parametric data were given as mean ± standard deviation and compared via the Student t-test. Nonparametric data were given as median (interquartile range) and compared via Mann-Whitney U-test. Nominal data were compared via chi-square test. A p value < 0.05 was considered statistically significant.
Propensity score matching and multivariate logistic regression analysis were used to adjust for confounding factors and to identify predictors of perioperative outcomes and morbidity. For propensity matching, a nearest radius method was used to generate matched cohorts. Unmatched patients were excluded from any further analysis. The Student t-test and the chi-square test were used to compare comorbidities and complications between the matched cohorts.
In the multivariate logistic regression model, all significant independent variables as well as propensity score were included. Odds ratios of major morbidity and return to the OR for outpatient versus inpatient group were calculated.
results patient population
A total of 7288 ACDF cases from 2005 to 2011 were identified based on CPT codes from the NSQIP database (inpatient = 6120, outpatient = 1168). The mean patient age was 52.8 ± 11.6 years and 47.2% of the patients were male.
There were significant differences in the baseline characteristics of outpatient versus inpatient populations. The mean age was significantly higher in the inpatient group (53.5 vs 49.3 years, p < 0.001). There was a significantly higher proportion of males (49.3% vs 46.1%, p = 0.04) and lower proportion of Caucasians (86.9% vs 88.7%, p = 0.03) in the inpatient group. The inpatient ACDF group had significantly higher comorbidities as compared with the outpatient group (diabetes, smoking status, functionally dependent, chronic obstructive pulmonary disease [COPD], hypertension [HTN] , and American Society of Anesthesiologists [ASA] grade; p < 0.05) ( Table 1) .
perioperative Quality
The median number of levels for ACDF was similar in the inpatient and outpatient groups (1 vs 1). Unadjusted rates of major morbidity (0.94% vs 4.5%, p < 0.001) and return to the OR within 30 days (0.3% vs 2.0%, p < 0.001) were significantly lower for outpatient versus inpatient ACDF ( Table 2) . None of the patients in the outpatient cohort were transferred to the inpatient setting immediately after surgery.
postmatched Analysis
A total of 1442 cases (inpatient = 650, outpatient = 792) were propensity matched based on 32 covariates (Table 1) . After propensity matching, there were no significant dif-ferences in the patient demographics, comorbidities, and operative variables between the 2 groups. Rates of major morbidity (1.4% vs 3.1%, p = 0.03) and return to the OR (0.34% vs 1.4%, p = 0.04) remained lower in outpatient ACDF (Table 2) .
multivariate logistic regression
Adjusted comparison using multivariate logistic regression also demonstrated improved safety in the outpatient setting. After adjusting for all risk factors, patients in the outpatient ACDF cohort had 58% lower odds of having a major morbidity (p = 0.03) and 80% lower odds of return to the OR within 30 days (p = 0.04) ( Table 2) .
discussion
In an analysis of a nationwide, prospective surgical quality registry, the NSQIP database, we measured the differences in observed surgical quality and safety of outpatient versus inpatient ACDF surgery. In the current study, patients undergoing outpatient versus inpatient ACDF were propensity matched, and postmatch cohorts were similar with regards to all patient demographics and comorbidity profiles. Both propensity matched and multivariate logistic regression analysis demonstrated that 30-day morbidity and return to the OR were lower in the outpatient versus inpatient cohort. Patients in the outpatient ACDF cohort had 58% lower odds of having a major morbidity and 80% lower odds of return to the OR within 30 days. Thus, our results suggest that ACDF can be performed with similar or potentially greater safety and quality in the outpatient versus inpatient setting. Due to advancements in surgical techniques and anesthesia care, various surgical procedures that were previously considered safe only in the inpatient setting are now being performed in the outpatient setting. The push for hospitals and surgeons to promote ASCs pertains not only to safety and increased efficiency but also to significant cost savings associated with outpatient surgeries. The literature reports cost savings of up to $140 million associated with the utilization of ASCs for spine surgery. 13 The safety and effectiveness of outpatient lumbar spine surgery has been reported in numerous studies dating back as far as early 1990s. [1] [2] [3] 11, 14, 19 However, the reports on safety of ACDF as an outpatient procedure are scarce. One of the major contributing factors to reluctance to perform ACDF in the outpatient setting is the potential complication of airway compromise due to airway swelling or postoperative hematoma. However, this complication is almost always recognizable within the first 4 hours after surgery, well within the time frame of perioperative observation in the ambulatory surgery setting. A few reports to date on outpatient ACDF surgery demonstrate the safety of ACDF in the ASC setting, with surgical morbidity ranging from 0.3%-5.2%. 6, 7, 12, 16, 17 Lied et al. and Garringer and Sasso concluded that ACDF can be safely performed in the outpatient setting with a sufficient postoperative observation period of up to 4 hours. 6, 7 A study by Silvers et al. comparing outpatient versus inpatient ACDF in 103 consecutive patients demonstrated equal complication rates (2%) in both the groups. 13 Similarly, a study by Liu et al. involving 109 patients did not demonstrate any significant differences in outcomes between outpatient and inpatient ACDF cohorts. 8 Our study also demonstrates safety of outpatient ACDF, with those who underwent outpatient ACDF having 58% lower odds of having a major morbidity and 80% lower odds of return to the OR within 30 days. Additionally, Lied et al. and Sheperd and Young report patient satisfaction after outpatient ACDF as high as 91%-100%. 7, 12 The importance of our findings across the NSQIP network of hospitals is that these initial single-center reports of outpatient ACDF safety were reproduced throughout US health care centers in this national perspective. With diminishing health care dollars and evolving health care reform, increase in health care cost is simply not sustainable. While the acute care episode is the largest contributor to spine surgical cost, the greatest variability in cost occurs with the wide range in incidence of complication, hospital readmission, and reoperation during the postacute care episode. Our results suggest that in addition to lower facility fees, as previously reported, ASCs may also predispose to a reduction in adverse health care events, further reducing cost across the episode of care. Due to the short length of surgery, mild to moderate postoperative pain, and quick recovery, ACDF is well suited for an outpatient setting. As accountable care organizations, clinically integrated networks, and population-based capitated payment models emerge, outpatient ACDF may provide the cost containment needed to care for these patient populations, while also improving quality. Moreover, patient and provider incentives to encourage outpatient ACDF may provide significant benefit to thirdparty payers and health care purchasers in current feefor-service models. An economic analysis by Silvers et al. involving patients undergoing outpatient ACDF suggested an average cost savings of $1800 per patient, leading to a potential cost savings of up to $140 million in 1996 if all 1-to 2-level ACDFs were performed in the outpatient setting. 13 Adjusting for utilization of ACDF in 2012, annual cost savings may be as high as $400 million annually.
The findings of this study should be interpreted in light of the inherent limitations and weaknesses. Although, most of the prior studies, as well as our current nationwide review, highlight the safety and lower odds of major morbidity of outpatient ACDF, it is important to remember that selection bias in these studies cannot be completely eliminated. Patients undergoing outpatient versus inpatient ACDF were propensity matched and were similar with regard to all surgical risk factors, but there can still be bias associated with nonrandomization as well as surgeon experience and efficiency/experience of outpatient centers and hospital staff. The level of surgeon expertise, experience of house staff, and competence of outpatient centers/ hospitals have not been accounted for in the analysis. Data were used from the NSQIP database, and ACDF cases were identified based on CPT codes. There is no way to differentiate whether the patients had cervical radiculopathy or myelopathy, and outcomes can differ in these 2 patient populations. The wide scope that NSQIP provides in surgical quality analysis supports previous single-center reports that ACDF can be safely performed in the lowercost ASC setting; however, inpatient surgery will always be more appropriate for some patients, and surgeon judgment is necessary in these cases. Furthermore, most of the cases included in the analysis were 1-to 2-level ACDFs, and further studies and evidence are necessary to determine if the outpatient setting is appropriate for multilevel ACDF cases.
conclusions
An analysis of a nationwide, prospective quality improvement registry representing more than 250 hospitals demonstrates that 1-to 2-level ACDFs can be safely performed in the outpatient ambulatory surgery setting in patients who are appropriate candidates. In an effort to decrease cost of care, surgeons can safely consider performing ACDF in an ASC environment.
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